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A neutronic design was performed for 300 MWt 
Pressurized Water Reactor (PWR) with UO2 compacts made of 
coated fuel particles (CFP) comparing that with sintered pellets 
made of UO2 powder as ordinary fuel type. UO2 CFP type was 
enriched 4.8% of 235U and UO2 ordinary type was enriched 5% 
of 235U. Both reactors were operated with single batch refueling 
system with a cycle period of 3 years. The purpose of the 
design was to investigate the applicability of UO2 CFP type to 
PWR comparing with UO2 ordinary type that commonly used 
for PWR. The calculation was done with SRAC (Standard 
Reactor Analysis Code) computer code and nuclear library of 
JENDL-33. The results of calculation showed that k-effective 
for both type of fuel could be maintained at critical condition 
for 3 years operation without refueling. The k-effective and the 
Doppler coefficients have been calculated for all types of fuel 
at 600 K and 900 K degrees. The results of calculation showed 
that for all types of fuel Doppler coefficient was negative, 
which was good for inherent safety characteristic. The size 
optimization design showed that the active core dimensions of 
UO2 CFP type reactor was about 2 times larger than the UO2 
ordinary type reactor.  
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INTRODUCTION 
Pressurized water reactors (PWRs) widely use fuel pellets 
into which UO2 powder is sintered. On the other hand, coated  From: https://proceedings.asmedigitalcollection.asme.org on 06/28/2019 Terms of Ufuel particle (CFP) type has been widely used for high 
temperature gas reactor (HTGR) and resistance of the fuel to 
fission product release has been proven. In general, the 
probability level of fission product release from CFP fuel type 
is one hundredth compares with others light water fuel type (1, 
2). The main factor of this advantage comes from the fact that 
UO2 as a fissile fuel have wrapped by pyrolitic carbon. There 
are two kinds of CFP, that is, BISO (Bi-Isotropic) and TRISO 
(Tri-Isotropic). For BISO type, every UO2 particle fuels are 
wrapped by pyrolitic carbon twice, while for TRISO they are 
three times. It was reported that high quality production of 
TRISO-coated fuel and excellent irradiation and safety test 
behavior have been demonstrated under reactor relevant 
conditions in Germany (3).  
Using CFP type of fuel in PWR, the popular type of 
reactor in the world, is to improve the safety feature of this type 
of reactor from fission product release. In this study, the 
applicability of UO2 in CFP type has been investigated. The 
purpose of the present study is to study the neutronic 
characteristic of small PWR (300 MWt) with UO2 in CFP type 
(TRISO) comparing with UO2 in ordinary type. From this 
study, the applicability of UO2 in CFP type for PWR could be 
evaluated from the neutronic point of view.  
 
CONCEPTUAL DESIGN 
The PWR reactor designed in this study had power of 
300 MWt with 4.8% enrichment of U-235 for UO2 in CFP type 1 Copyright © 2006 by ASME 
se: http://www.asme.org/about-asme/terms-of-use
Doand 5% for UO2 in ordinary pin type. The refueling period of 
this reactor was 3 years (1080 days). The specification 
parameters can be seen in Table 1.  
Fig. 1 shows a schematic of UO2 in CFP fuel type. Core 
of reactor was formed by arrangement of fuel bundles to get 
300 MWt nominal powers. Calculation was done at the 
condition that all of control rods were out of the core and 
xenon is present during burn-up.   
  
Table 1 General characteristics of reactor core 
Characteristics Specification 
Thermal Power 300 MWt 
Electric Power 100 MWe 
Fuel Type UO2 CFP and UO2 - ordinary  
Coolant Water 
Shielding Zirconium 
Enrichment in 235U 4.8% and 5 % 
Height and Radius of active 
core for UO2 – CFP type  
340cm // 170cm 
Height and Radius of active 
core for UO2 – ordinary type 
220cm // 67cm 










Fig. 1 UO2 CFP type of fuel 
The calculation was done with SRAC (Standard Reactor 
Analysis Code) computer code. Macroscopic cross section was 
obtained with collision probability method (PIJ) utilizing CELL 
module. Nuclear library utilized was JENDL-33, which was 
condensed to 3 energy groups, 2 fast energy groups and 1 
thermal energy group for this calculation. Neutrons energy 
range of group 1, 2 and 3 were 5.53 KeV - 10 MeV, 2.38 eV -
5.53 KeV and 1x10-5 eV - 2.38 eV, respectively. Calculation of 
effective multiplication factor, flux distribution and peak power 
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Dimensions of Core and Effective Multiplication Factor  
The dimensions of reactor core are shown in Table 1. It 
could be seen that the reactor with UO2 in CFP fuel type has 
larger volume than UO2 in ordinary fuel type. Critical condition 
to meet the objective design during operation was obtained by 
the core with UO2 in CFP fuel type with height and diameter of 
active core of 340 cm and 340 cm, respectively. As for UO2 in 
ordinary fuel type, the height was 220 cm and the diameter was 
134 cm. This optimized result showed that the dimensions of 
active core of UO2 in CFP fuel type are about two times larger 
than the active core volume of UO2 in ordinary fuel type. 
Figs. 2 and 3 show the effective multiplication profiles 
during operation at 600 K and 900 K for CFP type of fuel and 
ordinary type of fuel, respectively. The results of the 
calculation at 600 K showed that the core effective 
multiplication factor for reactor with UO2 in CFP type of fuel 
was 1.28 at beginning of cycle (BOC) and 1.0 at the end of 
cycle (EOC).  As for UO2 in ordinary type, the effective 















          
Fig. 2 k-eff profile of CFP type of fuel 
 
 














      
Fig. 3 k-eff profile of ordinary type of fuel 
 
Temperature Effects 
At the moment of prompt critical occurred in the reactor 
core, prompt negative reactivity feedback was needed.  The 
effective multiplication factors were calculated for all types of 
fuel at 900 K degrees to estimate the temperature coefficients 
mainly Doppler effect. In this calculation, changes of material 
densities were neglected. Figs. 2 and 3 show the effective 
multiplication factor profiles during operation for all types of 
fuel at the higher temperature of 900 K.  
Table 2 shows complete data of temperature coefficients 
which were obtained from the difference of effective 
multiplication factors between 600 K and 900 K. The data 
show that in general for all types of fuel, the value of 
temperature coefficient was negative while reactor operation.  
These results show that these reactors have inherent 
safety characteristics, i.e. when the excess fission energy 
increased the fuel temperature, the negative reactivity feedback 
occurred. 
 
Table 2 Doppler coefficient 
Days Ordinary Type CFP Type 
0 -0.012 -0.018 
180 -0.012 -0.013 
360 -0.03 -0.015 
540 -0.013 -0.018 
720 -0.016 -0.014 
900 -0.016 -0.012 
1080 -0.013 -0.009  
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Flux Distribution 
Flux distributions with radial direction at BOC are shown 
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Fig. 5 Flux distribution of ordinary type of fuel 
active core region 
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testing of US and German TRISO-coated particle fuel, 
DownThe comparison between flux distributions of UO2 in CFP 
type of fuel and UO2 in ordinary type of fuel show that the CFP 
type has lower flux distribution profile than ordinary type for 
group 1 and 2. Nevertheless, for group 3 the CFP type has 
higher flux distribution profile than ordinary type. The density 
of CFP type of fuel which is lower than ordinary type of fuel is 
main reason of these phenomena. In core of CFP type of fuel, 
thermal neutrons produced almost as much as fast neutrons, 
while for core of ordinary type of fuel the thermal neutrons 
produced was less than fast neutrons. In general, the results of 
the calculations showed that neutron flux distribution of CFP 
type of fuel was relatively flat. This results indicate that the 
power distribution of these reactors also quite flat appropriate 
with the purpose of design. 
 
Peak Power Density 
In this design study, peak power density, which depended 
on the power level and the configuration of core, was also 
investigated. The values of peak power density give the 
indication of stability, controllability and safety aspects.  In 
this study, the peak power density of the reactors of UO2 in 
ordinary fuel type and UO2 in CFP fuel type was compared.  
Fig. 6 shows the peak power density of UO2 in ordinary 
type of fuel and UO2 in CFP type of fuel during operation. In 
the UO2 in ordinary fuel type, the peak power density was 36.5 
W/cc initially and the values were 37.0 W/cc at EOC. As for 
UO2 in CFP fuel type, the peak power density was 4.6 W/cc 
initially and the values were 4.6 W/cc at EOC.  It could be 
seen that the use of CFP type of fuel made the peak power 
density much lower than ordinary type of fuel. This peak power 
density phenomenon is related with larger dimensions of the 
CFP fuel type of core than that of the ordinary type of core. 
Peak power densities of CFP type of fuel was constant over the 
reactor operation period, which was the same as that of the 
ordinary type of fuel.  Lower peak power density and constant 
aspect during the operation indicate stability and better 
controllability of operation of the reactors using CFP type of 
fuel. These are also good indication of safety.   
 
CONCLUSION 
The small PWR with CFP type of UO2 fuel under study  
showed good neutronic characteristics. The results of the 
calculation showed that the reactor could be operated for 3 
years without refueling.  The Doppler coefficients which 
mainly influenced by the changes of temperature of these 
reactors were negative during operation. Flux distribution was 
relatively flat and peak power densities were low and also 
constant over the reactor operation. These are indicative of 
stability and controllability of operation. For the reactor with 
using CFP type of fuel, the peak power density was much 
lower than that for the reactor with ordinary type of fuel and it 
gave good indication of safety.   
























Fig. 6 Peak power density during reactor operation 
From the neutronic point of view, the reactor with CFP 
type of UO2 fuel has several advantages. Nevertheless, the 
dimensions of active core of this type are about two times 
larger than the ordinary type. For the next study, the other 
important aspect i.e. thermal hydraulic and economic aspect 
will be considered. 
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